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(57) Abstract 

• /cJ^^ injector nozzle includes a cylindrical needle (14) which is axially reciprocated by an annature assembly. The needle has a needle 
tip (50) terminating in a flat end surface (46) with a spherical transition surface (48) between the flat end surface and the side walls of 
the needle. Depending upon the diameter of the needle and the included angle of the valve seat, the diameter of the flat end surface may 
be less than the diameter of the orifice through the valve seat. The circular edge defined between the flat end surface and the spherical 
transition surface defines a location where the liquid fuel and air consistendy separate from the needle in the valve-open condition whereby 
variations m the spray cone angle and the flow rate arc minimized during steady-state and transient operating conditions. 
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FIAT N E ED L E FOR PRESSURIZED swi qi piipf ^^| 'p^TOB 

TECHMICAI FIFtn 

The present invention relates generally to fuel injectors for 
5 injecting liquid fuel for combustion in an internal combustion engine 
and particularly relates to a high pressure swirl fuel injector for directly 
injecting fuel into a combustion chamber. 

BACKGROUMH 

10 As is well known, fuel injectors for injecting fuel into internal 

combustion engines typically include an armature assembly for axialiy 
reciprocating a needle within the interior of the fuel injector body in 
response to electrical energization and deenergization of an 
electromechanical actuator to selectively open and close a fuel flow 

15 passage through the tip of the fuel injector. The needle of the 
armature assembly typically reciprocates in relation to a valve seat 
between a valve-open position for flowing fuel through an orifice at the 
injector tip and a valve-closed position with the tip of the needle 
engaging the valve seat. Conventionally, the tip of the needle is 
20 provided with a spherical configuration for engagement with the valve 
seat. 

Many fuel injectors provide a swirl to the fuel being injected. A 
swirl-type injector has the advantage of injecting a widely dispersed 
spray and promoting atomization with relatively low injection pressure. 

25 During the injection process, the pressurized fuel is forced to flow 
through tangential passages and creates a high angular velocity. As a 
result, the fuel emerges from the discharge orifice in the form of a thin 
conical sheet which produces a hollow cone spray and rapidly 
disintegrates into fine droplets. Because of the nature of the surfaces 

30 defining the flow passage in the valve-open position, i.e., the spherical 
tip of the needle and the frustoconical recessed portion of the valve 
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seat, the liquid fuel sheet does not separate consistently irom the 
needle tip at designed locations. That is, there is an inter tace between 
the liquid fuel and the air within the valve structure which does not 
separate from the tip of the needle at a well-defined constant location. 
.'^ This inconsistent separation causes substantial variations in the flow 
rate and the spray cone angle, i.e., the angle between the sides of the 
spray cone pattern during steady-state and transient operating 
conditions. For exannple, spray cone angle variations have been found 
to be as high as 5° for spherical needles, while flow rate variations 

10 have been found to be approximately ±4.8% with the spherically- 
shaped needle tip. The consistency of the location of the separation of 
the liquid sheet from the needle tip is significant in accurately metering 
the fuel and forming the desired spray cone angle. It is particularly 
significant in a direct injection spark-ignited engine where fuel is 

15 injected directly into the combustion volume because there is only a 
very short time available for air/fuel mixing. Consequently, there is a 
demonstrated need to reduce variations in the spray cone angle and 
flow rate for fuel injectors. 

20 DISCLOSURE OF THF IMVpNTION 

According to the present invention, there is provided a fuel 
injector fuel specifically configured to reduce variations in the spray 
cone angle and flow rate during steady-state and transient operating 
conditions and specifically to provide a needle tip configuration which 

25 will force the fuel/air to separate consistently at the same constant 
location therealong. To accomplish the foregoing, the tip of the needle 
of the injector Is provided with a flat end surface generally normal to 
the axis of the fuel injector needle and its axis of reciprocation. The 
diameter of the flat end surface is smaller than the diameter of the 

30 und flying orific of the valve seat. Consequently, there is provided a 
demarcation lin , e.g., a circular edge, between the flat end surface of 
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the needle and a transition surface between the flat end surface and 
the sides of the needle. This edge is designed to form the separation 
location of the liquid and air relative to the needle tip. Because the 
edge is a fixed structure on the needle, the separation of the fuel and 
5 air relative to the needle tip is constant and consistent throughout 
steady state and transient operations. 

Preferably, the transition surface between the flat end surface 
and the sides of the needle is in the form of a spherical surface. 
Because, in most instances the flat end surface is smaller in diameter 

10 than the diameter of the orifice, the engagement between the spherical 
surface of the needle tip and the tapered conical seat about the orifice 
forms the seal therebetween in the valve-closed position. With this 
construction, the variations in the spray cone angle and flow rate are 
greatly reduced in comparison with the spray cone angle and flow rate 

15 employing a spherical needle tip, thus facilitating the formation of a 
spray cone constantly at the designed angle and a consistent flow rate 
of the fuel. This achievement is particularly important for direct 
injection spark-ignited engines where there is only a relatively short 
time available for air/fuel mixing. 

-0 a preferred embodiment according to the present invention, 

there is provided a fuel injector for an internal combustion engine, 
comprising an armature assembly, a seat having an orifice 
therethrough, the armature assembly including an injector needle 
reciprocable along an axis between a first position having a tip thereof 

25 spaced from the seat defining a passage for flowing fuel between the 
needle and the seat through the orifice and a second position with the 
tip engaging the seat and closing the fuel passage, the needle tip 
having a flat end face normal to the axis. 

In a further preferred embodiment according to the present 

30 invention, there is provided a fuel injector for an internal combustion 
engine, comprising an injector body having a seat, an orifice through 
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the seat and an injector needle reciprocable along an axis between a 
first position having a tip thereof spaced from the seat defining a 
passage for flowing fuel between the needle and the seat and through 
the orifice and a second position with the tip engaging the seat and 
5 closing the fuel passage, the needle tip having a flat end face normal 
to the axis and having a lateral dimension less than a lateral dimension 
of the needle, the end face forming a continuous edge within lateral 
confines of the needle defining a location for separating the fuel from 
the needle tip in the first position of the needle relative to the seat. 

Accordingly, it is a primary object of the present invention to 
provide a novel and improved fuel injector having reduced variations in 
spray cone angle and flow rate and which is particularly effective in 
direct injection spark-ignited engines. 

'5 BRIEF DESCRIPTION nP THE DRAWiMQ *:^ 

FIGURE 1 is a cross-sectional view of a conventional fuel 
injector having a spherical surface at the lower end of the injection 
needle; and 

FIGURE 2 is a fragmentary enlarged cross-sectional view of an 
20 end portion of a fuel injector constructed in accordance with the 
present invention. 



10 
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BEST MQPF FOR CARRYING OUT T HE IIMVFNTinf vl 

Referring now to Figure 1 , there is illustrated a fuel injector, 
generally designated 10, including a reciprocating armature assembly 
12 supporting an injector needle 14. The armature assembly 12 is 
5 reciprocable to displace the needle 14 along its axis between open and 
closed positions relative to the valve seat 16. The injector needle 
includes a needle tip spaced from a valve or needle seat 16 in the 
valve-open position to enable fuel flow through a discharge orifice 1 8 
and engaging the valve or needle seat 16 in the valve-ciosed position 

10 adjacent discharge orifice 18. The armature assembly 12 includes a 
spring 19 which urge's the needle 14 toward a closed position. An 
electromagnetic coil 22, In response to receiving pulsed electrical 
signals, causes the armature assembly 1 2 and needle 1 4 to be 
periodically displaced against the force of the spring thereby to 

15 periodically displace the needle to the valve-open position. A driver 
circuit 24 of an ECU applies the signals to the electromagnetic coil 22. 
Fuel is supplied to a fuel injector inlet 17 for flow through a central 
axial passageway 21, through armature 12, about needle 14 for egress 
through the discharge orifice 18. The tip of needle 14 is 

20 conventionally spherically-shaped. 

As illustrated in Figure 2, the lower body 26 of the fuel injector 
10 includes a chamber having an outwardly and downwardly tapered 
wall surface 28 and a cylindrical wall surface 30 which houses a lower 
guide 32, a metering swirl disk 34 and the valve seat 16. The guide 

25 32 and disk 34 have central openings for slidably receiving the needle 
14. The valve seat 16 includes a tapered surface 38, i.e., a 
frustoconical surface, terminating in the cylindrical central orifice 18. 
Each of the guide 32 and metering swirl disk 34 have registering 
openings 40 and 42, respectively, for receiving fuel flowing in the 

30 annular space between the needle 14 and the valve body 26 into the 
chamber 29. The fuel is directed by the metering disk to flow into the 
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volume between the needle tip and the tapered conical surface 38 for 
flow through orifice 18. The metering swirl disk 34 thus has passages 
44 in communication with the volume between the tip of the needle 
14 and surface 38. The foregoing elements of the injector are well 
5 known and further description thereof is not believed necessary. 

In accordance with the present invention as evident from Figure 
2, the tip of the needle 14 has a flat planar circular surface 46 normal 
to the axis A of needle 14 and a transition surface 48 between the flat 
circular surface 46 and the cylindrical side walls of the needle 14. 

10 Preferably, the transition surface 48 forms part of a spherical surface 
having a radius 49 with a center at a location along the axis A of 
needle 14. Consequently, the juncture of the transition surface 48 and 
the flat circular surface 46 forms a sharp circular edge 50. In a 
majority of the embodiments, depending upon the diameter of the 

15 needle and the included angle of the frustoconical valve seat,, the 
diameter d, of the flat end surface 46 is also less than the diameter d^ 
of the orifice 18, the orifice and needle lying on axis A. 

The needle and valve seat are illustrated in the valve-open 
position defining a flow passage 52 between the transition surface 48 

20 and the tapered surface 38 for flowing fuel from the metering swirl 
disk 34 to the orifice 18. The edge 50 forms a circular separation line, 
I.e., a flow break-off location, where the liquid fuel consistently 
separates from the needle tip for flow through the orifice. It will be 
appreciated that the swirling flow through the flow passage 52 and 

25 orifice 1 8 results in a conical spray pattern 54 having a spray cone 
angle i.e., between opposite sides of the spray cone. By locating 
the edge 50 at the juncture of the flat end surface of the tip and the 
transition surface 48, the variations in the spray cone angle and the 
flow rate are minimized during steady-state and transient operations. 

30 As compared with the conventional spherical end surface of the needle 
tip, a flow rate variation decreased to ±2.2% compared with ±4.8% 
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with a spherical needle tip. The cone angle vanation decreased to 3° 
from an original 5° with a spherical needle tip. 

In a preferred embodiment of the present invention, the needle 
may have a diameter of about 2 mm, the flat surface may have a 
diameter of about 0.7 mm, preferably 0.72 mm and the orifice may 
have a diameter of about 1 mm. The spherical transition surface 48 
may have a radius 49 of about 1.2 mm with a center on the axis A. 

It will be appreciated that in the closed position of the needle, 
the transitional spherical surface 48 engages the tapered surface 38 to 

10 close the valve. In that respect, the needle operates similarly as the 
prior needle tips having complete spherical surfaces of their tips. 
However, when the needle is withdrawn away from the surface 38 
into the illustrated valve-open position, the flow will separate from the 
needle tip at the edge 50 between the flat end surface 46 and the 

15 spherical surface 48 to minimize the variations in spray cone angle and 
flow rate. As indicated previously, this is highly significant in direct 
injection spark-Ignited engines where the fuel injector opens directly 
into the combustion chamber, i.e., a chamber defined in part by the tip 
of injector 10. 

20 While the invention has been described in connection with what 

is presently considered to be the most practical and preferred 
embodiment, it is to be understood that the invention is not to be 
limited to the disclosed embodiment, but on the contrary, is intended 
to cover various modifications and equivalent arrangements included 

25 within the spirit and scope of the appended claims. 
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WHAT IS CLAIMED IS: 

1 - A fuel injector for an internal combustion engine, 
comprising: 

an armature assembly; 
a seat having an orifice therethrough; 
5 said armature assembly including an injector needle reciprocable 

along an axis between a first position having a tip thereof spaced from 
said seat defining a passage for flowing fuel between said needle and 
said seat through said orifice and a second position with said tip 
engaging said seat and closing said fuel passage; 
0 said needle tip having a flat end face normal to said axis. 

2. A fuel injector according to Claim 1 wherein said needle is 
generally cylindrical and said flat end face is circular, said flat end face 
having a diameter less than the diameter of the orifice. 

3. A fuel injector according to Claim 1 wherein the orifice is 
generally cylindrical and has an axis coaxial with the axis of 
reciprocation of the needle, said needle being generally cylindrical, the 
diameter of said flat end face being less than the diameter of said 

3 cylindrical orifice. 

4. A fuel injector according to Claim 1 wherein said needle is 
generally cylindrical and said flat end face is circular, said flat end face 
having a diameter less than the diameter of said needle, said tip having 
a transition surface joining said flat end face and sides of said needle. 
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5. A fuel injector according to Claim 4 wherein said 
transition surface includes a portion of a spherical surface, said 
spherical surface engaging said seat in said second position of said 
needle. 



6. A fuel injector according to Claim 5 wherein said valve 
seat includes a recessed frustoconical tapered surface engaged by said 
spherical surface in said second position of said needle. 

7. A fuel injector according to Claim 6 including a swirl disk 
surrounding said needle and overlying said seat for imparting a swirl to 
the fuel flowing through the passage and orifice. 

8. A fuel injector according to Claim 4 wherein said needle 
has a diameter of about 2 mm, said flat surface has a diameter of 
about 0.7 mm and said orifice has a diameter of about 1 mm. 

9. A fuel injector according to Claim 8 wherein the spherical 
surface has a radius of about 1 .2 mm. 



10. A fuel injector for an internal combustion engine, 
comprising: 

an injector body having a seat, an orifice through said seat and 
an injector needle reciprocable along an axis between a first position 
5 having a tip thereof spaced from said seat defining a passage for 

flowing fuel between said needle and said seat and through said orifice 
and a second position with said tip engaging said seat and closing said 
fuel passage; 

said needle tip having a flat end face normal to said axis and 
10 having a lateral dimension I ss than a lateral dimension of said needle, 
said end face forming a continuous edge within lateral confines of said 
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needle defining a location for separating che fuel from the needle tip in 
the first position of the needle relative to the seat. 

11. A fuel injector according to Claim 10 wherein said needle 
is generally cylindrical, said flat end face and edge are circular, said 
orifice is generally cylindrical, and said end face has a diameter less 
than the diameter of the orifice. 



1 2. A fuel injector according to Claim 1 0 wherein the orifice 
is generally cylindrical and has an axis coaxial with the axis of 
reciprocation of the needle, said needle being generally cylindrical, the 
diameter of said flat end face being less than the diameter of said 
5 cylindrical orifice. 



13. A fuel injector according to Claim 1 0 wherein said needle 
is generally cylindrical and said flat end face of said needle has a 
diameter less than the diameter of said needle, said tip having a 
transition surface joining said flat end face and sides of said needle, 
said transition surface forming said edge with said flat end surface. 

14. A fuel injector according to Claim 13 wherein said 
transition surface includes a portion of a spherical surface, said 
spherical surface engaging said seat in said second position of said 
needle. 



1 5. A fuel injector according to Claim 14 wherein said valve 
seat includes a recessed frustoconical tapered surface engaged by said 
spherical surface in said second position of said needle. 
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ls. A fuel injector according to Claim 15 including a swirl disk 
surrounding said needle and overlying said seat for imparting a swirl to 
the fuel flowing through the passage and orifice. 

17. A fuel injector according to Claim 16 wherein said needle 
has a diameter of about 2 mm, said flat surface has a diameter of 
about 0.7 mm and said orifice has a diameter of about 1 mm. 

18. A fuel injector according to Claim 17 wherein the 
spherical surface has a radius of about 1 .2 mm. 
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